Inhibition of K+ efflux prevents mitochondrial dysfunction, and suppresses caspase-3-, apoptosis-inducing factor-, and endonuclease G-mediated constitutive apoptosis in human neutrophils.
Neutrophils die rapidly via apoptosis and their survival is contingent upon rescue from constitutive programmed cell death by signals from the microenvironment. In these experiments, we investigated whether prevention of K(+) efflux could affect the apoptotic machinery in human neutrophils. Disruption of the natural K(+) electrochemical gradient suppressed neutrophil apoptosis (assessed by annexin V binding, nuclear DNA content and nucleosomal DNA fragmentation) and prolonged cell survival within 24-48 h of culture. High extracellular K(+) (10-100 mM) did not activate extracellular signal-regulated kinase (ERK) and Akt, nor affected phosphorylation of p38 MAPK associated with constitutive apoptosis. Consistently, pharmacological blockade of ERK kinase or phosphatidylinositol 3-kinase (PI 3-kinase) did not affect the anti-apoptotic action of KCl. Inhibition of K(+) efflux effectively reduced, though never completely inhibited, decreases in mitochondrial transmembrane potential (DeltaPsi(m)) that preceded development of apoptotic morphology. Changes in DeltaPsi(m) resulted in attenuation of cytochrome c release from mitochondria into the cytosol and decreases in caspase-3 activity. Culture of neutrophils in medium containing 80 mM KCl with the pan-caspase inhibitor Z-VAD-FMK resulted in slightly greater suppression of apoptosis than KCl alone. High extracellular KCl also attenuated translocation of apoptosis-inducing factor (AIF) and endonuclease G (EndoG) from mitochondria to nuclei. The DNase inhibitor, aurintricarboxylic acid (ATA) partially inhibited nucleosomal DNA fragmentation, and the effects of ATA and 80 mM KCl were not additive. These results show that prevention of K(+) efflux promotes neutrophil survival by suppressing apoptosis through preventing mitochondrial dysfunction and release of the pro-apoptotic proteins cytochrome c, AIF and EndoG independent of ERK, PI 3-kinase and p38 MAPK. Thus, K(+) released locally from damaged cells may function as a survival signal for neutrophils.